. In a more recent review, the same authors take into account the observations that emerged in the previous ten years and add four new hallmarks: avoiding immune destruction, promoting inflammation, genome instability and mutation, deregulating cellular energetics (Hanahan and Weinberg, 2011) . Hence, after ten years the hallmarks of cancer are still to be understood and have even increased in number! This is a signal in our opinion that traditional approaches need new strings in their bows. Tumors are extremely heterogeneous and their growth depends on dynamical interactions among cancer cells and between cells and the constantly changing microenvironment. All these interactive processes act together to control cell proliferation, apoptosis and migration. There is an increasing consensus that these dynamical interactions cannot be investigated purely through single biological experiments because experimental complexity usually restricts the accessible spatial and temporal scales of observations. Therefore it is necessary to study cancer as a complex system. Advances in systems biology are already beginning to have an impact on medicine through the use of computer simulations for drug discovery. The integration of new experimental physics techniques in cancer research may help improve, for example, the capability to design more efficient cancer therapies. Understanding the biology of cancer cells and the impact of physical mechanisms, such as cell and tissue mechanics, on their biological functions could help validate biomarkers and develop more accurate diagnostic tools and individualized cancer therapies. In the past years, clinical studies have relied heavily on conventional population-based randomized clinical trials that try to identify favorable outcomes as an average over the population. Cancers are, however, extremely heterogeneous even within the same tumor class, so that an average positive outcome does not necessarily translate to a positive outcome in individual cases. A novel interdisciplinary quantitative approach to cancer where physics and biology work in an integrated manner could help in explaining the main steps involved in cancer progression and guide individualized therapeutic strategies (Deisboeck et al., 2011) .
In past years, contributions to cancer research arose sporadically from different fields of physics, including, among others, biophysics, biomechanics, softcondensed matter physics and the statistical mechanics of complex systems. Cell biophysics is becoming a mature field, both experimentally and theoretically, but contacts with forefront cancer research have been only intermittent. It is becoming clear that mechanical forces play a pivotal role in many fundamental biological functions such as cell division and cancer processes, like metastasis. Biophysical measurements that compare the mechanical properties of normal and cancer cells have consistently shown that cancer cells are softer than normal cells and that this compliance correlates with an increased metastatic potential. This is related to the fact that a softer cytoplasm corresponds to a less organized cytoplasm. Soft-condensed matter studies materials such as colloids and polymers that have a direct relevance for biology, and the distance between the two fields is rapidly shrinking. Finally, methods derived from the statistical mechanics of complex nonequilibrium systems have been applied to a wide variety of biological problems, ranging from protein folding and the analysis of genetic data, to the spreading of epidemics, but applications to cancer are still rare. These extremely promising and innovative research activities are currently shaping a new scientific field based on the physics of cancer.
Despite the fact that interesting novel contributions to cancer research grounded in physical sciences are emerging, they are so far mostly ignored by mainstream cancer research, which relies on the traditional tools of biologists, such as biochemistry and genetics. Over the years, biologists have turned to engineers or computational scientists to solve specific problems, but their role has always been somewhat ancillary. The complexity of this issue would require instead a truly interdisciplinary approach where physical scientists and engineers will become partners with biologists and clinicians in defining and addressing challenges in medicine. A similar approach could lead to fundamental advances in a wide variety of fields, such as medicine and health care, but it will only flourish when solid interdisciplinary education is finally available to students in science and medicine (Sharp and Langer, 2011) . The present book on the physics of cancer tries to contribute in filling this gap by providing a general introduction to an emerging and challenging interdisciplinary field.
The book is conceived as an introductory study concerning the physics of cancer. Its targeted readership is composed of graduate students in physics, biology and biomedical research, especially those focusing on quantitative and/or computational biology. The book should also appeal to established researchers in physical, biological and biomedical sciences who wish to enter this new field. We have thus engaged in the admittedly complex task of making the book accessible to both biologists and physicists. To this end, we strived to provide didactic explanations of basic concepts and ideas both in physics and cancer biology, avoiding excessive jargon and recourse to heavy mathematical formalism.
The book is structured into eleven chapters addressing key aspects of cancer research from an interdisciplinary perspective. Chapter 1 provides a general introduction to the biology of the cell that should be especially useful for physicists and engineers. We also discuss biophysical aspects of the cell that could be useful for biologists who may already be familiar with these topics but from a different perspective. Chapter 2 describes and discusses the biological mechanisms underlying cancer from its origin to its progression, focusing on the main processes involved such as angiogenesis and metastasis. Chapter 3 provides a discussion of modeling strategies employed to study cancer. The chapter first starts with a simple introduction to the theory of branching process and its application to cell proliferation and then continues with more involved mathematical and statistical physics models for cancer evolution and progression. We also discuss numerical simulations of metabolic pathways. While some background in mathematics and probability is needed to fully appreciate this chapter, we have worked to make the topic understandable to biologists. Chapter 4 examines in more depth angiogenesis, describing the concept of vasculogenic mimicry and its consequences for cancer development. Physics-based computational models of angiogenesis are critically discussed. A new frontier in cancer research is focusing on the presence of a more aggressive cell subpopulation, known as cancer stem cells; Chapter 5 discusses our current understanding of cancer stem cells, including stochastic models that describe their kinetics and evolution. We also point out methodological problems involved in their detection. Chapter 6 is devoted to the role of mechanical forces in tumor growth, both for individual cells and for a tumor mass inside tissues. We discuss experimental measurements of mechanical properties of cancer cells. Chapter 7 is devoted to cell migration and its role for metastasis. Chapter 8 discusses chromosomal instability and nuclear mechanics. Most tumors are immunogenic, and a possible strategy to fight the cancer is to use immunity against cancer. In Chapter 9, we provide a biological overview both of the role of immunity Cambridge University Press 978-1-107-10959-9 -The Physics of Cancer Caterina La Porta , Stefano Zapperi Frontmatter More Information www.cambridge.org © in this web service Cambridge University Press xiv Preface in cancer and a discussion of computational models to study this kind of interaction. In Chapter 10, we discuss new challenges coming up in recent years on therapeutic strategies employed to fight cancer. We discuss classical methods based on radio-and/or chemo-therapy and more recent advances grounded in the physical sciences and nanotechnologies. The final chapter is devoted to a general outlook of the problem, focusing on how to integrate biological and physical sciences to build a new interdisciplinary field of research and train a new generation of scientists.
